him to wash out his stomach with a rubber tube, and this he carried Qut daily for six years. The lavage conferred relief, but, as might be expected, he became so weak and emaciated that in June, 1918, he only weighed 7' st. He then again saw Dr. Russell, who succeeded in persuading him to submit to an operation. He entered St. Thomas's Hospital on June 29, 1918 . He was very weak and thin. His stomach was so greatly dilated that its lower border was level with the crest of the ilium. There was moderate gastric peristalsis. I (C. A. R. N.) operated upon him on July 3 and found an extreme degree of stenosis FIG. 1. Portion of the small intestine from the case of pyloric stenosis described, as it appeared when exposed during life; showing numerous gas blebs projecting beneath the peritoneum. Redrawn from a sketch made by Mr. Nitch whilst the gut was exposed during life. (Natural size.)
Figurae explicatio.
Intestini tenuis portio ut apparebat quum in aegri corpore inspiciebatur. Sub membranA serosA plurimae projiciuntur cystes quae aere inflatae sunt. Apud pylorum duodenum valde constrictum est. (Magnitudinis naturalis.) of the pylorus, for which a posterior no-loop gastrojejunostomy was performed. On drawing up the great omentum to prepare the field for the anastomosis, a coil of small intestine, studded with greyish-white elevations presented in the wound. On close examination these proved to be multilocular subperitoneal cysts, and on puncturing one of them I was astonished to find that the contents were gaseous and not fluid. The cysts were dotted more or less evenly over the whole c'ircumference -of the bowel, and there were also a few, about twice the size of a pin's head, in the transverse mesocolon, and at the base of a few of the wappendices epiploicse. With the exception of the first 12 in. of the jejunum and the last 12 in. of the ileum the whole length of the small intestine was affected. The freedom of the first part of the jejunum was fortunate, as otherwise an anastomosis would have been attended -with grave danger of leakage, owing to the multiplicity of the cysts.
The mesentery" of the small intestine, and the walls of the stomach, duodenum, and colon were normal. The patient made an uninterrupted recovery, and, two and a half months later, in answer to a letter, states that though he still has occasional flatulence it causes him no pain nor inconvenience. His bowels now act regularly without an aperient, he has gained 2 stone in weight, and has resumed his work.
The lesion naturally falls into the comprehensive group which has 'been designated Pneumatoses 1; a group comprising the various con-.ditions resulting from the presence of air, or the formation of gas, in -the tissues; in contradistinction to dropsical accumulations of fluid, whether in connective tissue or in serous, synovial, or mucous cavities. At the present time a long list might be drawn up from such a patho--logical standpoint, although the generalization, by reason of the diversity of the conditions included in it and their etiological dissimilarity, is too artificial to be of any great clinical service. In the following remarks the different forms of pneumatosis are, -for the most part, merely enumerated, so well and getierally are they 'known; any comments being confined to the less usual varieties. The group, if reconstructed, may be made to comprise:-Section of Pathology (I) Besides the various forms of Gas-cellulitis and Gas-gangrene, there would be included the Pneumo-hmmothorax resulting from the infection of blood in the pleura, with aerogenic bacteria, now so well recognized a complication of infected gunshot perforations of the thoracic wall and lung; the gas production in the vaginal wall, in Vaginitis emphysematosa; and the Intra-uterine, which takes place from the death and decomposition of the foetus. The emphysematous variety of vaginitis is described as occurring in pregnant women, or after parturition, in women the subjects of gonorrhoea, by the formation of hard congested papules which suppurate and become filled with gas; the gas being produced by Bacillus aerogenes.
Closed tympanitic abscess, due to gas-forming bacteria, without perforation of the intestinal or respiratory tract: Of this a better example could hardly be cited than that recorded by Hunter': "'In one instance I have discovered air in an abscess which could not have been received froin the external air, nor could it have arisen from putrefaction." There was no communication found after death with either the rectum or uterus, but there was a small communication between the abscess and the bladder. It was only towards the latter end of life, he remarks, that the air could have made its escape into the cavity of the bladder, for it was not possible to squeeze the air out of the tumour when the patient was first seen; but just before death the swelling became more flaccid. The swelling was situated in the lower and right side of the abdomen, extending nearly from the navel to the spine of the ilium on the right side. It was tense, and could be made to sound almost like a drum. It had come on within a few weeks. At the autopsy a cavity was found between the bladder, uterus, and vagina, on the right side, something like an abscess. From the side of this cavity there was a canal ascending to the brim of the pelvis, and communicating with the tumour. Hunter excluded putrefaction since there was no foul odour when the swelling was opened. This, of course, only means that the gas formation was not due to the colon bacillus.
Pneumoperitoneum, from gas formation following perforation of the vermiform appendix, intestine, or stomach. Here the pneumatosis may, in some cases, be due to a bacterial formation of gas in loco; in others, the intraperitoneal gas is produced partly in loco by the bacteria in extravasated faecal material, and is partly that displaced from the lumen of the stomach or bowel. The passage of gas from the intestinal canal into the urethra, vagina or uterus, through fistulas, whether perforations caused by ulceration, or malignant growth, or communications of a teratological kind do not require comment. Nor does the tympanitic distension of the stomach and intestine from the accumulation of gases, brought about by mechanical obstruction, by the reflex inhibition of intestinal tone, or by abnormal fermentation, &c.
PNEUMATOSES DUE TO THE ENTRANCE OF AIR INTO THE SEROUS
CAVITIES, THE CONNECTIVE TISSUE, OR THE ALIMENTARY OR GENITO-URINARY TRACTS. Pneumothorax.-The escape of air into the pleura, though commonly the result of injury to the lung through the thoracic wall, or of the thoracic wall alone (as when a subphrenic abscess is opened by the thoracic route), is in rare cases due to perforation of the lung from disease. So good an instance of the latter was recently observed at St. Thomas's Hospital by Dr. C. R. Box, that it may be here cited. It is thus described in the museum catalogue of the hospital.
1866 A: The right lung of a child 3 months old. The upper lobe has been longitudinally divided to display a somewhat irregular cavity about the size of a walnut, which is partially filled with necrotic material, and has resulted from the necrosis and disintegration of a tubercular focus. The vomica communicates through a small circular aperture with the pleural cavity: the pulmonary tissue around is thickly strewn with miliary tubercles. The perforation was followed by pneumothorax. The lower lobe is shrunken from collapse. The patient had suffered from cough for three weeks. Dyspnoea suddenly developed (from the escape of air into the pleura), and the patient died the same day.
In connexion with pneumothorax, lastly, must be added that produced surgically by the injection of nitrogen to procure collapse of the lung in the treatment of pulmonary vomicee; and the forcible injection of oxygen into the pleural cavity for the complete evacuation of intrathoracic effusion.
Section of Pathology
Pneumoperitoneum, of non-bacterial origin. In rare cases to be presently cited, it has been inferred that gas may find its way into the peritoneal cavity from the intestine, without perforation. The entry of air, it may be in considerable amount, which not infrequently occurs on' opening the abdomen, in the Trendelenburg position, is a forpa of pneumoperitoneum resulting from the negative pressure produced by the gravitation of the abdominal viscera. The without its evacuation. As in a pneumothorax, the oxygen and carbon dioxide of the included air would, doubtless, owing to their greater solubility, be absorbed first; the nitrogen, last. Mr. R. I. Pocock, the / 51 Superintendent of the Zoological Society's Gardens, tells us that he once saw & collection of air in the abdominal cavity of a newt, so extensive as to force the animal to float in the supine position; on puncturing the distended cavity it quickly refilled; death occurred shortly afterwards. The lungs in this batrachian are two simple tubular sacs, which lie free within the abdomen, and in immediate contact with the intestines, there being no trace of a diaphragm. A rupture of the lung under these circumstances would be followed, therefore, by pneumoperitoneum, and this is apparently what had happened. Pneumopericardium.-In gunshot injuries, the chest wall, lung, and pericardium, may be successively perforated without immediately fatal result, but there does not appear to be any case on record of air having reached the pericardium under such circumstances. The production of gas from bacterial infection of the injured sac has, of course, to be sstiologically differentiated.
After penetrating wounds of the chest in the cardiac region, Mr.
S. Maynard Smith' has observed a peculiar double click corresponding with the heart sounds, and heard on auscultation, or sometimes even at the foot of the patient',s bed. As a rule, it disappears after fortyeight hours. The absence of pericarditis shows that pneumopericardium from the entry of air, or from gas formation, is not the explanation of the phenomenon; and the only suggestion as yet made is, that it arises in some way from the presence of air in the mediastinal connective tissue.
THE PRESENCE OF AIR IN THE GENITO-URINARY, AND ALIMENTARY TRACT. Akin in its mode of production to pneumoperitoneum arising from the entrance of air during laparotomy is that which takes place spontaneously into the Vagina, from which it may be afterwards expelled. The occurrence was well known to Hunter (Works, vol. iv), from observation and inquiries of his own. In one of his cases an examination made during life, and again after death, upon the same individual, disclosed no disease either of the vagina or of the uterus, a circumstance which led him to think that the gas was " secreted or let loose from the blood." The presence of air in the vagina, it need hardly be said, is due to its entry under the negative pressure accompanying a temporary displacement of the abdominal viscera, such as may happen during '"Pericardial Knock," Brit. Med. Journ., 1918, i, p. 78. Section of Pathology reclining or stooping, and occurring in subjects with a weak vaginal sphincter. Visceroptosis would doubtless predispose to the condition by facilitating the production of such a negative pressure; and some such defect is probably the factor which leads to this " ballooning" of the canal. In one instance, however, the entry of air was associated with a defective development of the labia and nymphae, and prolapse of the anterior wall of the vagina. This case is from the Russian,' and in comment, it may be observed, that by a certain Russian sect [Skoptzi] mutilation of the female (and male) external genitals is practised as a religious rite; not improbably the defect referred to resulted in this way. In the same manner, when a vaginal examination is made with the speculum, in the Trendelenburg position, a free entry of air may take place as soon as the sphincter is passed and its action annulled.
The presence of air in the vagina is a matter of ancient knowledge. In the earlier edition of Frank (loc. cit.), it is alluded to as " garrulitas vulvae,"' for which " garrulitas uteri " is less correctly substituted in the second edition; and equally incorrect is the term " garrulitas vagin&' sometimes used; the first of the words, in each case, indicating, of course, the noise occasioned by the escape of the included air. The expression "garrulitas " is referred by Frank (loc. cit.) to the Roman epigrammatist, Martial. In the original it is used without any second qualifying word, the site of the air being deduced from the context.' Uterine pneumatosis may arise from the inclusion of air in the uterus after expulsion ofthe foetus. In other cases, as already mentioned, it has a bacterial origin, and follows upon the death and decomposition of the foetus.
Air may even find its way into the Urinary bladder in small quantity when a catheter or the cystoscope is passed, in the Trendelenburg position, should the viscus contain only a little urine: the air may be afterwards evacuated with the urine, or found in the bladder when this is opened suprapubically for the completion of a surgical operation. The modus operandi of Kelly's speculum for the cystoscopy of the female bladder and ureteral catheterization, is dependent upon the free entry of air which takes place into the viscus when the instrument is passed in the Trendelenburg position. 54 Nitch and Shattock: Emphysema of the Intestinal Wail the pelvis raised and the patient on the left side. The negative pressure resulting from the gravitation of the abdominal viscera causes the bowel to balloon up for several inches beyond the end of the speculum, and greatly facilitates the inspection of the interior. And the same thing occurs in the pelvic colon beyond the sigmoidoscope.
The most curious examples of rectal pneumatosis, however, are those where air can be voluntarily aspirated into the bowel. The first case of this kind is recorded by Marcel Baudouin,' under the title, " Un cas extra-ordinaire d'aspiration rectale et d'anus musical." It will be enough to state that the aspiration occurred for the first time, quite unexpectedly, and much to the subject's surprise, whilst he was swimming, the sea-water being afterwards evacuated. He found that by making certain movements he could store water, and later on air, at will. For the latter purpose, standing upright, he would bend the trunk forwards so as to bring the chest nearly horizontal; the knees were then grasped with the hands so as to give a firm point d'appui to the upper limbs. After a short inspiration the arms were stiffened, and a considerable effort and certain movements being made, air entered the bowel with a muffled noise like that of inspiration through the lips when half closed. The expulsion of air could be so regulated as to produce ndtes of varying pitch, and even recognizable airs. Since the publication of this case several others of the same kind have been recorded, as will appear from the subjoined list which Dr. Arthur Saunders was good enough to compile.2
The regular aspiration of air into the CEsophagus and the immediate dilatation of the latter when the straight tube of the cosophagoscope has passed the lower sphincter of the pharynx (or upper sphincter of the ossophagus) is a striking phenomenon, and may be viewed as largely if not entirely due to the negative pressure or vis a fronte set up by the descent of the diaphragm, and the expansile movement of the thoracic wall: for it is a matter of clinical observation that the passage of the instrument is accompanied with an involuntary inspiration: during the examination, the patient, it may be said, is in the strictly supine position, with the head lowered. The slow, minor rhythmical movements of dilatation and contraction observable in the tube when La Semaine Med., Avril 20, 1892, No. 19, pp. 144-146. so dilated up, are proba,bly due to the fluctuations in the negative pressure occurring with respiration. This is more probable than that they represent the beats or so-called pendulum movements of the normal intestine, as distinguished from its peristalsis and the segmentation movements discovered by Cannon. This is a subject, however, worthy of further physiological study.
Apart from cesophagoscopy a similar occurrence from displacement of the viscera, is at times observed during operations upon the abdomen, the air being aspirated into the stomach, whence it may be expelled by external pressure.
The aerophagy and subsequent distension of the stomach in hysteria, although not a phenomenon in precisely the same category, may be alluded to here. And quite apart from any neurosis, some are able to swallow air by a voluntary effort, and in such amount as to produce a visible abdominal swelling.-In the horse, a6rophagy is familiar to veterinary surgeons; certain animals acquiring the habit to such a degree as to be known as " windor air-suckers." The acute form of tympanites of the rumen in cattle, which follows surfeit with green clover or grass, is due to the liberation of gas from the ingesta, and not to aerophagy. The distension may cause death from heart failure: it is at once relieved by puncturing the rumen with a trocar and cannula. The foolish practice amongst operatives in engineers' shops, of inserting the nozzle from a compressed air supply into the mouth of a fellow workman, or over the anus (outside the trousers), may be mentioned to close this group, for in both cases it has been followed by fatal results.
Lastly, air may enter a Joint, certainly, at least, the knee, on its being surgically opened. When the knee is flexed and the synovial membrane exposed by dissecting through the fibrous capsule (for the removal-e.g., of a loose body) the membrane is found firmly withdrawn over and between the articular ends of the bones, and on its being incised the negative tension within is at once relieved by the entry of air, which can be expressed at the conclusion of the operation.
Into the category of pneumatoses from the admission of air would fall, also, the Inflation of Abscess cavities. Setting aside the minor examples where a periglandular abscess discharges into the lower part of the trachea, and becomes thereupon temporarily filled with air, we can adduce one example, which was recorded by Mr. H. H. Clutton,' and of which the specimen is contained in the museum of St. Thomas's Hospital.
Trans. Path. Soc. Lond., 1887, xxxviii, p. 139. Specimen No. 910: A tongue with the larynx and parts below. Behind and to the right side of the cesophagus and pharynx there is an extensive, somewhat irregular cavity, lined with granulation tissue. Rods of glass have been passed from the cavity (which reaches below as far almost as the arch of the aorta) through a small circular aperture of communication, into the trachea, and through a second, larger, oval one about 1 in. in chief diameter, into the left side of the cesophagus; this lies at a slightly higher level than the tracheal; both are well defined. From a man, aged 24, subject to epileptic fits. On September 13, after a violent fit, he noticed pain and swelling in the neck, from which the disease dated. Death occurred from septic broncho-pneumonia. That the abscess had opened into the adjacent passages appeared, during life, from the presence of pus behind the pillars of the fauces. After leaving the hospital (October 4, 1885), he attended as an out-patient. On October 6 there was scarcely anything to be seen on inspection of the neck, but on digital examination in the position of the abscess, crackling could be felt: this disappeared on pressure, but reappeared when the patient was directed to cough, or to strain, with the mouth and nose closed. October 13: Air could no longer be forced into the cavity. He was re-admitted on October 23, with broncho-pneumonia, and died on November 3. The cause of the abscess was, conjecturally, some trauma of the cesophagus occasioned by the swallowing of a foreign body during the epileptic fit.
Emphysema of Connective-tissue from the entry of air. The emphysema, whether subcutaneous or of the deeper tissues of the mediastinum, after injury to the lung and thoracic wall; the interlobular emphysema of the lung itself, following rupture of its vesicles, or extending from a mediastinal emphysema by way of the root of the organ, are things merely to enumerate. And equally so is that of the neck following wounds of the larynx or trachea; or that arising during tracheotomy from the impeded exit of air caused by faulty manipulation in the insertion of the tube.
The emphysema of the neck which may accompany paroxysms of coughing in phthisis, or pertussis in children, results from the rupture either of pulmonary tissue or of bronchioles in the vicinity of the hilum, whence the air is driven upwards through the mediastinal connective tissue, and so beyond the confines of the thorax. In a few instances the phenomenon has been observed after the lodgment of foreign bodies in the air passages, the mechanism of its production being the same Section of Pathology as in the diseases cited. Eppingerl views the multilocular sacculation of the trachea found in some cases of respiratory obstruction as due to the inflation and dilatation of the mucous glands. To this it may be added that the emphysema following acute obstructions, were its precise origin traceable, might in some cases be found to arise from the rupture of such distended glands, for these are distributed not only in the wall of the trachea, but in the bronchi and their subdivisions.
Cervical emphysema as a complication of pulmonary influenza is referred to by three speakers in the " Discussion on Influenza," held at the Royal Society of Medicine, 1918.2 From the neck the emphysema may spread over the whole body. The respiratory symnptoms may be unimportant, and paroxysms of coughing absent. As pointed out by Sir Bertrand Dawson and General W. S. Thayer, this creates a difficulty. The emphysema accompanying influenzal pneumonia is most probably due to the fact that the pulmonary infection is of a mixed kind, and that the pyogenic bacteria bring about perforation of the terminal bronchioles, the final result being parallel with that seen in a haemorrhagic inflammation. Emphysema of the neck is a well established complication of gassing." Of this there are three examples in the collection of War specimens in the Museum of the Royal College of Surgeons. These antedate the introduction of "mustard" gas, and were due to the action of chlorine alone, or combined with phosgene. In one (No. 128) death occurred fifty-one hours after "gassing." Post mortem: Much froth on the lips and nares; emphysema of the mediastinal and peribronchial tissue, none of the subcutaneous tissue of the neck. When admitted, thirty-six hours after being gassed, the patient was cyanosed and unconscious. In the second (No. 130), death took place after thirty-six hours, the patient being cyanosed, unconscious, frothing at the mouth, and expectorating yellowish fluid tinted with blood. Post mortem: Lung nearly solid from cedema; interlobular emphysema, and extensive emphysema of the connective tissue of the neck. In the third (No. 126), death ensued fifty-eight hours after gassing; there was marked cyanosis. Post mortem: At the lower part of the lung air had escaped into the interlobular connective tissue; there was emphysema of the connective tissue of the neck, both superficial and deep, extending from the mediastinum. When admitted, December 20, 1915, the breathing was irregular, and gasping; the rAles in the chest were audible several feet away; there was marked cyanosis. The patient had been gassed probably the day previously.
The macroscopic anatomy of these three specimens is practically identical. In each, the lung is almost solid from the (artificial) coagulation of the albuminous exudate filling the alveoli; scattered through it there are other areas in which compensatory emphysema has taken place. One factor concerned here in its causation may be the rapid produietion of compensatory emphysema which takes place in the small areas of pulmonary tissue distributed between those which are filled with serous exudate and thrown out of action. The intra-alveolar effusion resulting from chlorine gassing, with its accompanying compensatory emphysema, is of rapid onset. That the latter per se may suffice to bring about a rupture of the alveoli appears borne out by the clinical observation of Dr. T. R. Elliott, that in phosgene poisoning where there is pronounced pulmonary cedema, with little coughing, subcutaneous emphysema, although rare, occurs. In this connexion, it is of interest to know that experimentally the rabbit may be killed by the contralateral emphysema and pneumothorax produced when collapse of the opposite lung is brought about by the insertion of a laminaria plug in the bronchus. In the case of chlorine gassing the violent cough set up in the earlier stage is doubtless the second factor which renders subcutaneous emphysema more frequent than in the other.
The artificial production of emphysema has been practised for various purposes: in horses, to conceal bony eminences and give a delusive appearance of fatness; by the Chinese in the treatment of sciatica and chronic arthritis; and even in children by inhuman parents in order to excite pity for the purpose of begging, the skin being punctured behind the ear, and the subcutaneous tissue inflated so as to simulate hydrocephalus (J. P. Frank, loc. cit.).
The dishonest custom, once common, of inflating the subcutaneous tissue of calves, after killing, is at present illegalized in this country.
There is one grave, morbid condition, in the treatment of which a form of pneumatosis is practised, however, which is so efficient that it is fully established in veterinary medicine. In the so-called " drop " or " milk fever" of cows which arises, in a small percentage of the animals, a day or so after calving, and leads to fatal coma, it is the practice to force air into the udders through the teats, each of which has a central canal, at the bottom of which the lactiferous ducts open.
The striking and regular result of this treatment is almost immediate; the coma rapidly passes off and the animal completely recovers. The pathogenesis of the disease, and the modus operandi of the injection are, as yet, undetermined. This therapeusis replaced the injection of potassium iodide solution into the ducts-a procedure based on the hypothesis that the disease was due to bacterial infection. The substitution of air arose as the result of an accident: by an oversight the solution was not put into its receptacle, and air was unwittingly pumped in in its place, with identically the same benefit. The disease so plainly suggests a parallel with post-partum eclampsia in the human subject as to raise the question whether a similar mode of treatment may not be indicated in the latter.
It has been asserted that persons in the habit of playing on wind instruments not infrequently suffer from a painful inflation of the cheeks, arising from the forcible introduction of air into the connective tissue through lacerations of the buccal mucous membrane. We have been unable to obtain any confirmation of this statement, although pain in the cheeks is a well known result under such circumstances.
Mr. Herbert Tilley has seen a submucous emphysema arise when a fine Eustachian bougie had, by misadventure, perforated the mucosa of the tube, inflation being afterwards carried out through a catheter. The emphysema spread into the corresponding side of the soft palate and pharynx, and even to the subcutaneous region below the lobule of the ear and behind the angle of the jaw. And in a case witnessed by Mr. H. J. Marriage, the air extended down the neck as far as the clavicle during an attempt to inflate the tympanum, after the mucosa of the tube had been injured by the Eustachian catheter.
In the St. Thomas's Hospital Reports, xxxvii, there is tabulated the case of a female child, 1h years old, in whom a subcutaneous emphysema appeared on the left temple and left side of the face, after a paroxysm of coughing, but the site of the trauma in this case was not ascertained.
A local subcutaneous emphysema of some practical interest is observed now and then at the site of punctured wounds limited to the skin and muscles of the abdominal parietes, whether due to gunshot missiles or pointed instruments (W. H. C. Romanis). The entry of air is occasioned by the negative pressure produced by the expiratory movements, the aperture itself being oblique in direction, and so valvular in kind. The importance of its recognition arises, as Mr. Romanis observes, from the postibility of its being erroneously taken 59 as evidence of intestinal perforation, whereas the peritoneal cavity itself is intact. Something of the same kind is observed at times in paracentesis of the chest, when a local inflation of the subcutaneous tissue about the puncture occurs from a like cause.
As still less known is subcutaneous emphysema of the neck in birds, of which there is a curious specimen in the museum of the Royal College of Surgeons:
A. 4017: A young skylark (Alauda arvensis), 14 days old. The neck is remarkably and symmetrically swollen from emphysema of the subcutaneous tissue. Two other birds from the same nest were quite normal. Superiorly the air extends beneath the mandible to the tip of the beak, but not between the eyes, nor over the vertex of the skull; nor does it reach over the front of the thorax or front of the abdomen, though it lies between the wings and passes downwards to the sides of the thighs, omitting the lumbar region.
The anatomical distribution of the emphysema can be easily reproduced after death by inflating the subcutaneous tissue of the neck in any small bird, its higher limitations being due to fascial attachments.
The air sacs of birds were described simultaneously by Hunter,' and by Camper, in Holland. Suffice it to state that they are quite distinct from the spaces of the general connective tissue, and receive their air directly from the lungs; some lie in the neck, some in the abdomen, and others extend into the shafts of many of the long bones, which are filled with air instead of marrow. Hunter (loc. cit.) remarks that when birds break'any of such bones the surrounding parts often become emphysematous. " Besides the attachment of the lungs to the diaphragm, they are also connected to the ribs and to the sides of the vertebrae." " Such adhesions are peculiar to this tribe of animals, and ... necessary in lungs . . . out of which it is intended the air should find a passage into other cavities." " There are openings in the lungs by which air is transmitted to the other parts, and the diaphragm is perforated in several places with holes of considerable size, which admit of a free communication between the cells of the lungs and the abdomen." "At the superior part the lungs have a communication with the large cells of a loose net-work, through which the trachea, cesophagus, and great vessels pass as they are going to and from the heart." (Hunter, loc. cit.) In the accompanying figure is shown the trilobed upper limits of the air sacs at the root of the neck in a nestling tit, as they appeared when inflated. The projection occupies the fossa bounded by the united clavicles, and lies immediately in front of the trachea (on the left-hand side), and the cervical spine. The pharynx is remarkably capacious and passes into an cesophagus proportionally wide, which enters the thorax without expanding (as in some birds) into a reservoir or crop, and eventually opens in front of the lungs into a more thickly walled glandular stomach. In the common pigeon a tripartite extension of the air sac projects in the same way for a short distance into the root of the neck, as may be easily demonstrated by inflation through a cannula tied into the trachea after the crop has been opened and emptied of its contents through a free incision from the front. The "' Works," iv, p. 176. " Of Air Cells in Birds. distribution of the air sacs in birds may be displayed radiographically by the injection of bismuth mucilage into the trachea, after expression of the air from the sacs and lungs.
A proper homologue of such an emphysema would be limited, in the human subject, to injuries implicating the frontal, maxillary, or other accessory sinuses, or the tympanum and mastoid cells. In the situation first mentioned the complication is a recognized one. In the St. Thomas's Hospital Reports (1905) , for instance, there is a case of fracture involving the outer wall of the frontal sinus, in a man, aged 52, in whom emphysema of the forehead and left temple ensued from the forcible extravasation of air, produced either by sneezing, or by blowing FiG. 4 The neck of a nestling tit (Parus8~?) viewed from the front, the feathers alone having been removed. Lying beneath the skin, immediately in front of the trachea (on the left-hand side) and the cervical portion of the spinal column, there is a trilobed elevation filled with air, which represents the highest part of the complex air-sac about the vessels at the root of the neek. (Natural size.)
Figurae explicatio.
Avis immaturse (Parus -~?) cervix a fronte aspecta, plumis avulsis. Ante tracheam et columnam vertebralem monstratur eminentia tripartita aere inflata, quae partem supremam repraesentat sacculi intrathoracici cum pulmonibus cornmunicantis. (Magnitudinis naturalis.) the nose to get rid of blood in the nasal cavity-. The patient recovered. But we are not acquainted with a comparable result arising after perforation of any of the other cavities enumerated, either from surgical Section of Pathology operation or disease. The well known emphysema at the root of the nose which may be produced by forcible expiration after fracture of the nasal bones, is not, of course, a homologue of the escape of air from an air-holding bone.
In this admirable paper (p. 185), Hunter has the following suggestive sentence: "How far this construction of, the respiratory organs may assist birds in singing deserves investigation, as the vast -continuance of song between the breathings, in a canary bird, would appear to arise from it "-a subject that has since been elaborated. Dr. J. A. Murray has reported ' a case of sudden death in a Chilian sea eagle from the rapid overdistension of an abdominal air sac as a result of valvular closure of the mouth of the sac by blood clot.
That an inflated air sac might rupture during singing, and the accident be followed by subcutaneous emphysema, is credible enough. Nevertheless, an inquiry at the different aviaries of the Zoological Society yielded the definite information that no such occurrence had been observed either in singing or other birds; nor had it been seen in any birds examined after death, a practice invariably carried out; and the result is too striking to have escaped notice. In the case of the lark, such a theoretical explanation certainly cannot be advanced, since the bird was only 14 days old. The emphysema may have arisen from the parent bird having punctured one of the cervical air sacs from the throat, or having introduced some foreign body, whilst feeding the nestling; for the pharynx and cesophagus are very capacious, and the beak of the lark is long and sharply pointed. In this bird there is no dilatation, or crop, at the lower end of the cesophagus, the latter passing (within the thorax) into a more thickly-walled, glandular stomach, and the latter into the gizzard. Or, taking into account the distance between the upper limit of the air sacs and the pharynx, the perforation, more probably, took place into the trachea, which lies immediately in front of the cesophagus, the opening having been of such a kind as to admit of the escape of air into the connective tissue without its return by the trachea or through the oesophagus. Air Embolism or Intravascular emphysema. -Although this commonly takes place in an open wound from the incision or rupture of a vein in the neighbourhood of the thorax, and results from the negative pressure or vis a fronte, produced in the veins by the inspiratory expansion of the chest, there are rare exceptions. In a case which ' Proc. Zool. Soc., 1919. recently came to our knowledge, it arose during urethroscopy. The examination was being made in order to deal with a bleeding point at the site of a stricture. During the inflation of the urethra by means of the Wyndham Powell aero-urethroscope, the patient collapsed and died, in spite of recourse to artificial respiration. After death air was found in both of the ventricles of the heart. Here the air was, without doubt, pumped into a bleeding vein, the mouth of which was probably rendered patulous by its involvement in the indurated tissue at the site ot the stricture. The presence of air in the left side of the heart as well as in the right does not present any difficulty, seeing that the blood can be translated after death from the right side to the left by the employment of artificial respiration, and that this was carried out in the case under consideration. As a matter of fact, moreover, it is not difficult to drive air after death from the right heart, through the lungs, into the left. Observation: In a cat, shortly after death, an ordinary double hand bellows was connected up with the right external jugular vein; the bellows was distended after pinching the exit tube; the air, suddenly liberated, and the vein tied. The front of the chest was then removed and the pericardium slit open; the right ventricle was found inflated. The animal was now submerged in a long tank of cold water, and the heart being held so that the left ventricle was uppermost, the latter was incised gradatim in its long axis midway between the interventricular grooves; blood, freely admixed with minute bubbles of air, escaped. After the intake of air, again, under negative pressure, the contraction of the right ventricle does not immediately cease, but supplies a vis a tergo which may propel part of it through the lung into the left side.
In connexion wibh the passage of air through the lungs during life, one remark may be made viz., that in the dog a considerable amount mar be introduced into the circulation through a vein without a fatal result, the gases becoming dissolved in the blood. Under such circumstances, when the body is immersed after death, in hot water, gas is liberated. Air might thus be found in the left side of the heart without its having traversed the lungs in the gaseous state. It is well known too, in surgery, that a certain amount of air may be heard to enter a vein, in operations about the neck, without a fatal result. The appearance of gases in the blood and from the tissue-lymph in caisson disease is, it need not be said, a liberation due to too rapid decompression of the body after its subjection to an abnormal degree of atmospheric pressure, and a consequent excessive solution of the oxygen and nitrogen of the air in the blood. Section of Pathology 65 PART II.
To return now to the first of the two cases with which t4e present communication is concerned. As already stated, the exterior of the whole of the small intestine, commencing about a foot beyond the duodenum, was covered with hemispherical or hemiovoidal blebs of gas which collapsed on puncture. The condition was associated with a close stricture immediately beyond the pylorus, and was accompanied with a long-standing dilatation of the stomach, the lower border of which was level with the crest of the ilium.
EXAMINATION OF PORTION OF THE SMALL INTESTINE EXCISED DURING LIFE.
For the purpose of investigation a V-shaped piece of the intestine was excised transversely to its long axis, so as to leave the mesenteric border intact, the gap being immediately sutured without any untoward consequences. Its mucous membrane was raised in rounded, confluent 66 Nitch and Shattock: Emphyseema of the Intestinal Wall elevations, obviously filled with gas. On the peritoneal aspect the intestine at this particular spot was normal, although at first sight the thinness and translucency of the wall led to the belief that the gas cysts were beneath the peritoneum.
Histology.-Sections cut in paraffin and stained -with Ehrlich's halmatoxylin and eosin yield the following results: The walls of the spaces (which are limited to the submucosa) consist,of ordinary connective tissue in which there is an utter absence of small-celled infiltration or of any of the marks of inflammation. Their inner surface is li-ned with a simple endothelium which is most satisfactorily seen when part of a trabecula is viewed on the flat; the cells form an extremely thin, continuous mosaic, and are furnished with large oval nuclei of the usual type. Here and there a flattened, multinucleated giant cell is intercalated between them. In the connective tissue of the submucosa in the neighbouarhood of the cysts, and between the layers of muscle, the strands of sympathetic fibres' and the nerve cells of Meissner's and Auerbach's plexuses are particularly distinct, and normal. Both the mucosa and the muscular wall are quit* intact.
Section of Pathology
Certain of the spaces have a thin wall of connective tissue differentiated from that around by its concentric disposition. The presence of so complete an endothelial lining indicates that the spaces here shown are lymphatic rather than clefts produced by the inflation of the connective tissue the walls of which have become lined with proliferated lamellar corpuscles.
PATHOGENESIS.
(1) Is the Gas secreted? The secretion of gas in the swim bladder of fish naturally suggests such a question, especially as this organ is developed from the alimentary canal, and in some fish retains its connexion with it, so that the gas, as is well known, can be liberated through the mouth: in others the sac is closed, the removal of the surplus gas being then effected by the sequestration of portion -in the oval, a vascular sacculus which admits of being shut off from the rest by means of a sphincter, from which it is absorbed. Of the gases in the bladder, the 0 is secreted by the epithelial cells of a highly vascular specialized gland, the gas-gland, and is derived from the oxyhamoglobin of the red blood cells: the N probably diffuses from the blood plasma into the cavity as a result of the unequalized nitrogen-tension. The gas-gland in Ophidium is a small, somewhat reniform organ, which projects into the lumen. Its minute structure is described and figured by Reis and Nussbaum.' The secreting cells, of which the cytoplasm contains a certain number of discrete gas vesicles, are of large size, and intimately connected with the capillaries, some of which penetrate the cells as deeply as their nuclei. As already stated, the cells which line the intestinal spaces have no intimate relation with capillaries, they present no special features, and no secreting function can be assigned to them.
Before leaving this subject the question may be put whether gas introduced into connective tissue is intussuscepted by its cells in the gaseous form. With a view of testing this the following observation was carried out: Nitrogen was injected beneath the loose skin of the back of a mouse through a fine needle. In order to render it sterile the gas was driven through a piece of glass tube filled with cotton wool which had been baked, the needle and rubber tube with which the glass I" Weitere Studien zur Kentniss des Baues und der Funktion der Gasdruse und des Ovals in der Schwimmblase der Knochenfische (Ophididae, Percidae), Anatomischer Anzeiger, 1906, xxviii, pp. 177-191. 
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was connected being boiled and dried immediately before use. In order to discover whether gas had been intussuscepted by the cells, the animal was killed with chloroform, and the examination made by peeling away films of the subcutaneous tissues bounding the cavity, and studying them immediately in 50 per cent. glycerine, beneath a cover glass. The animal was killed on the fourth day, the elevation over the back being still well pronounced, though slightly diminished. On slitting up the skin a capacious unilocular cavity, with a smooth interior, was opened; the delicate connective tissue bounding it was transparent, moist, and devoid of any congestion. The microscopic details were quite normal, the lamellar and other cells being clearly displayed: none of the cells contained any vesicles of the gas.
(2) Is Gas liberated fromn the Tissue-lymph ?
Short of a proper secretion, however, there is the possibility of a more simple liberation of gas from the plasma in the tissues. In caisson disease, it will be recalled that the gases liberated in the blood, and from the lymph in the tissues around the capillaries, on rapid decompression, are those of the air dissolved in abnormal amount under the increased pressure to which the lungs and rest of the body have been subjected. Whilst it is true that no pressure approaching such occurs within the stomach or intestine under pathological distension, nevertheless the normal excretion of carbon dioxide from the human skin in cutaneous respiration proves that no such degree of decompression is necessary for the liberation of the gas from a free surface, and its diffusion into the surrounding air. In the human skin the ingress of atmospheric oxygen and the egress of carbon dioxide from the plasma probably take place only through the thinner epithelium lining the sweat coils; perhaps only through the intercellular cement. In the Dublin Medical -Journal (January, 1841, p. 454), there is recounted a case in which gas was believed to have been visibly excreted from the skin whilst the body was submerged. It runs thus: "On the 12th of May, 1840, I (6ir Francis Smith) was consulted by a gentleman who told me that he often suffered from an enormous development of gas in the stomach, which he discharged by eructation; that he likewise occasionally experienced a development of gas from the bladder, and that his skin acted in a similar manner, as he had observed in the bath. On the morning of the 15th I found my patient in a bath at 790 F. of common river water (Seine). His heart, shoulders, abdomen, and hands were literally covered with minute bubbles of gas. On being questioned the attendant at the bath stated that he had never previously witnessed anything of the kind. On removing the hands and arms from the water the bubbles disappeared, but gradually returned on again immersing those parts. The bubbles were of the size of a pin's head; on wiping them off they disappeared, but gradually formed again. The experiments and observations continued nearly twenty minutes, and towards the end of the bath, the edges of the metallic reservoir were coated all round, but more particularly towards the upper end where the shoulders had been, for a depth of from 1 to 2 in, with small bubbles."
The appearance of gas bubbles upon any foreign body when immersed in aerated table water (water artificially charged with carbon dioxide) must be so familiar as to immediately suggest that this is the explanation of the phenomenon just referred to, the carbon dioxide in the latter case having been naturally held in solution. If the aerated water from a table syphon is allowed to stand until all effervescence has practically ceased, the tip of the finger, if vertically immersed in it, shortly becomes covered with minute bubbles ; and this occurs as abundantly on the finger nail (even when placed uppermost) as elsewhere. Had this simple check of observing the finger nails been made in Smith's case, any doubt regarding the explanation of the observation could at once have been resolved. The liberation is determined not by the higher temperature of the finger, but by the roughness of what is submerged. If a perfectly clean and polished glass rod, on one side of which an area has been roughened by a file, is placed in, scarcely any gas bubbles are generated except over the roughened surface; here they form in abundance, and reappear as often as removed; the bubbles being at first of the most, minute size, and appearing as well when this area is uppermost as when it is lowest: any bubbles arising from the water below, if allowed to ascend against the smooth parts of the rod, bound off without adhering to it. The abundant and continuous liberation of steam from boiling water following the addition of small fragments of earthenware, is a well known expedient in the chemical laboratory, which exemplifies the action of the same factor.
It is not a little curious, historically, that Hunter' refers to two observations, by others, similar to the later one of Smith's, and that he criticizes them in almost precisely the same manner, and discredits them on the same evidence as that just independently adduced. He I Works, iv. observes, in proof, that it matters not what the substance is that is immersed, if it is but warmer than the water. The bubbles of air do not appear to arise entirely from the degree of warmth of the water, but also, in some measure, from a solid body being immersed in it; for simply heating the water to the same degree will not separate the air. And in a footnote he adds: " Dr. Pearson found that there was no appearance of bubbles during bathing in warm water that had been previously boiled so as to expel the air from it. The human body, when immersed in the bath at Buxton, and kept at rest in it for some time, was covered with bubbles, but these bubbles appeared in the same manner on any solid body that was placed in it."
In cutaneous respiration, as in pulmonary, the tension of 0 in the atmosphere being greater than that in the blood, a passage from without inwards results; whereas the tension of C02 being greater in the blood than in the atmosphere, the passage of this gas takes place from within outwards. The elimination of C02 from the human skin is so small that, when the body is submerged, it would be dissolved without appearing in the gaseous form; and the higher the tension of 002 (if naturally present in the water) the less the amount that would leave the cutaneous vessels. In regard to intestinal respiration, the gas most diffusible through the wall is CO2; then, far below, 0 and N.
The relative solubilities of these gases in water are approximately 90 : 2 : 1. If air is introduced into the lumen of the intestine, its oxygen becomes diminished, its C02 increased, in accordance with the opposed tensions of the same gases in the tissue plasma or blood.' [The amount of 02 in solution in blood plasma, if any, is so minute as to be negligible; for practically none can be extracted from blood serum by means of the tonometer. As Dr. G. A. Buckmaster has shown, the transport-CO2 of the blood is combined in some way with the haemoglobin, which acts as the carrier not only of 0 but of CO, alternately.]
In cases of obstructive congestion of the intestine, the tension of C02 in the blood, one may suppose, would lead to the passage of the gas towards the lumen, and to its ultimate liberation, seeing that it would eventually escape the solvent action of the plasma in the intestinal parietes. The converse passage of C02 from the lumen into the intestinal wall will, naturally, occur should the bowel be filled with C02 at a higher tension than that in the blood or the tissue plasma; ' G. Strassburg, Pflilger's Archiv, 1872 , vi, p. 93. A. E. Boycott, Journ. of Physiol., 1905 Section of Pathology and similarly of 0 and N, mutatis mutandis; for the passage occurs only between gases of the same kind.
These phenomena, however, are inapplicable to the case under consideration, since the gas, whatever it may be, is not disengaged from the free, inner surface, but lies within the walls of the intestine, where its liberation, after solution, would require an amount of decompression that is out of question.
The discharge of gas from the stomach in gout and hysteria was, in Hunter's opinion, indicative of a secretion or liberation from the blood. He writes (loc. cit., p. 97): "The stomach appears not only to be capable of generating an acid, but also to have the power of producing air; which last effect, I believe, arises from disease. When the gout falls on the stomach the quantity of air thrown up is often immense, and the same thing may be observed in some cases commonly called nervous. I am inclined to believe that the stomach has a power of forming air, or letting it loose, from the blood, by a kind of secretion." This view has not been substantiated. The gastric pneumatosis of hysteria is regarded as due to aerophagy; and that of gout, to the liberation of gas from ingesta.
(3) Mechanical Causation.
The gas between the intestinal tissues may have come from the lumen of the stomach or of the intestine. In this connexion, reference may here be made to the alleged presence of gas in the peritoneal cavity apart from perforation of the stomach or intestine. Three examples of this have been recorded by Sir Rickman Godlee, in the Transactions of the Clinical Society (1877, x, p. 115) (1) The first was that of a man who had had dysentery, had suffered from syphilis, and was the subject of phthisis, and advanced amyloid disease of the liver accompanied with ascites. The enlarged liver could easily be felt, reaching down to within 11 in. of the umbilicus, but the area corresponding to it had a tympanitic resonance except quite at the upper part. It was only on pressing the finger through this tympanitic region that the liver could be felt, and then a dull percussion note was obtained. At the autopsy no gut was found superficial to the liver. There were several ulcers in the colon above the sigmoid flexure, but no perforation. There is no mention in the notes of the state of the peritoneum, but the author states that he was nearly sure there was no recent peritonitis.
(2) A woman suffering from obstruction of the bowels from tumour, the obstruction having been complete for three weeks. The abdomen was much distended; and she suffered from paroxysmal pain. During the lumbar colotomy which was performed for the relief of the obstruction, a mass of fat was first taken for the colon; and then a protrusion of peritoneum distended with gas made its appearance in the wound. It was thought to be the colon, but as it did not look quite natural, another search was made. The peritoneum was punctured; and after the escape of a large quantity of gas and a little grumous fluid, the distension subsided, and the bowel was then easily found and opened. At the autopsy on the following day no perforation could be found, although it was carefully searched for. There was very early general peritonitis, and a little somewhat older, with some lymph around the cmcum corresponding to an ulcer as large as a threepennypiece in the mucosa, filled with slough. The bowel at the seat of stricture was quite entire.
(3) A male, aged 72, suffering for three weeks from obstruction and much distension. At the lumbar colotomy, the first thing that presented in the wound was a knuckle of peritoneum distended with gas and containing a little clear fluid; the gut was found, and opened in the usual way. Some little care was needed to retain the peritoneum in the wound. The patient recovered, with only slight tenderness of the abdomen after the operation. Death occurred ten weeks later. No perforation could be found.
The author was inclined to view the pneumo-peritoneum as due to " osmosis "-i.e., to the passage of gas from the distended intestine, in a state of solution, through the wall, and its subsequent liberation at the peritoneal surface. Criticized from the physiological standpoint, already explained, such an hypothesis is untenable. The pneumoperitoneum was in all three cases probably due to the rupture of subperitoneal collections of gas; these having formed in (1) in connexion with the ulceration of the colon; and in (2) with the sloughing ulcer of the cocum: in the third, where death occurred ten weeks after the lumbar colotomy, the data are insufficient to justify a guess. An escape of gases into the intestinal wall from the lumen of the stomach or intestine under pressure, involves, it may safely be assumed, some form of trauma. This may be furnished by the presence of an ulcer; or arise de novo as a result of extreme distension. The passage of gas from retroperitoneal -tissue into the peritoneal cavity will naturally be facilitated by the stomata present in the parietal serous membrane.
During the application of a purse-string suture to the distended colon, preparatory to the insertion of a Paul's tube, in cases of cancerous obstruction, a minute escape of gas not infrequently takes place from each puncture as the needle is carried horizontally through the wall. Mr. B. C. Maybury, who has often noticed this whilst operating, is confident that the needle does not penetrate beyond the submucosa; and that the gas does not come, therefore, from the lumen of the bowel, but lies in its wall. The phenomenon appears only in those cases where the distension is extreme.
The following observations made after death will further illustrate what is under consideration:
Dr. C. R. Box tells us that he has on one or two occasions seen a local emphysematous or bullous condition of the intestinal wall brought about after death, at the site of an intestinal ulcer, from the forcible washing out of the gut'with water admixed with air: and that something akin may happen when the stomach or bowel have been washed through, should the water be driven beneath the cut edge of the mucosa.' Quite recently a similar observation was made at St. Thomas's, by Dr. A. Mavrogordsto, in a case of punctiform ulceration of 'Peyer's patches: after the intestine had been washed through from a pipe, and slit up, groups of water bulla were found about the sites of the lesions.
Observation: October 2, 1918. There died suddenly a particularly well-developed 'man, from pulmonary thrombosis. The body was transferred to the cold chamber until 1 o'clock p.m. of October 2, and then to the mortuary. The autopsy was made on October 3, at 3 p.m. The lower part of the ileum, devoid of valvule conniventes, was thoroughly washed ouit; cut up in lengths, and forcibly inflated with a syringe fitted with a stopcock. Blebs of air appeared regularly along the attached border; and sometimes, in addition, keneath the peritoneum of the bowel in its immediate neighbourhood.
After a local damage to the intestinal mucosa, air can be readily forced, after death, into the other tunics.
Observation: A piece of human intestine, the lower end of the ileum, from the source already given, was everted, and a small oval area of the mucosa, 1 cm. in length, scraped away. It was then reverted, tied up, and connected with a syringe and stopcock. On inflation an opacity indicative of the escape of air, quickly arose at the I" Post-mortem Manual," 1910, 1st ed. p. 156. injured spot. The opacity took the form of fine transverse lines, the air insinuating itself between the fibres of the circular muscular coat: as the escape continued the air appeared more superficially in coarser longitudinal lines (probably the subserous lymphatics) and blebs beneath the peritoneum. The chief collection of air, however, was along the attached border, where the.wall is unsupported by peritoneum. On slitting up the intestine, no air was found beneath the mucosa. In another observation, the air travelled in the same way, from the spot from which a small area of the mucosa had been scraped off, between the fibres of the transverse muscular coat, both over, and on either side of, the lesion, whence' it extended subperitoneally towards the attached border.
A similar result ensues if a fine subcutaneous injection needle connected up with a rubber bellows, is run horizontally into the muscular wall, in the long axis of the bowel: air is driven between the circular muscle fibres; and sometimes, also, lengthwise, in coarser lines, beneath the serosa. If the needle is inserted near the attached border, the serosa rises in wider blebs which reach the latter. The position, however, in which inflation is most readily produced is the submucous tissue. If the bowel be slit up, and laid on the front of the finger, with the mucosa uppermost, the needle can, with care, be passed into the submucosa without perforating the muscularis. When the air is driven from the bellows, the mucous membrane is immediately raised over an extensive area, from which it can be easily shifted onwards with slight pressure. The absence of submucous inflation when the bowel is distended after injury to the mucosa is attributable to the fact that the pressure within the lumen forces the mucosa against the muscularis; when the entry takes place in the axis of the undistended bowel, a submucous pneumatosis is readily brought about.
Better than observations made after death, however, is the following which was carried out in the living subject. A syringe was filled from a reservoir of nitrogen, and connected up with a glass tube containing cotton wool sterilized by heat, and this with a fine subcutaneous needle. In a man upon whom' a colostomy was to be performed, a loop of the pelvic colon was lrought out through an abdominal incision, and secured in the wound in the usual manner. The bowel was then held at one spot, in a longitudinal fold (like the skin for a subcutaneous injection) and the needle inserted into the submucosa from the outer, intact surface. Some of the N was then driven from the Section of Pathology syringe, with the immediate result that a considerable area of the bowel swelled up, and became whiter than the rest, from inflation of the submucous tissue. After a minute or so, small blebs of the gas made their appearance beneath the peritoneum.
In cases of extreme intestinal distension, the ceecum has been found, when exposed during life, to present gaping rents in the peritoneum, as much as 2'5 cm. (1 in.) in length: and some of these have been seen to form whilst the bowel was under observation (W. H. C. Romanis). This is direct proof that trauma of the intestinal wall may result from over distension. And, again, in reducing ileo-caecal intussusceptions after laparotomy, rupture of the peritoneum investing the cecum may be unavoidably produced towards the close of the manipulation, when the cecum becomes supremely distended by the included bowel. As suggested by the following experiment, the actual site of the mucosal perforation in intestinal tympanites, may be the crypts, which give way under distension:
Observation: A piece of the fresh small intestine of a young cat was kept in warm water until rigor mortis had passed off. The mucosa was cleaned by repeatedly filling the bowel with water, and kneading it whilst filled. It was then kept firmly distended with carmine gelatine under pressure of a syringe, whilst immersed in warm water, and kneaded, for fifteen minutes; after this, the gut was tied up, suspended in cold water, and finally in Kaiserling's formol solution. Microscopic examination was made upon transverse sections cut by the freezing method, and nmounted in Farrant's medium, so that no shrinkage took place, the use of alcohol having been throughout excluded. The crypts proved to be, all of them, distended with the gelatine: their outline was somewhat undulatory, apparently from an increase in length hindered by the limitation at their deeper ends where they abut upon a somewhat dense submucosa of connective tissue. The jelly is sharply circumscribed and clearly not extravasated, although the epithelial lining of the crypts is mostly detached; here and there, nevertheless, it has escaped to a small extent into the mucous and submucous coats.
In the older literature there are to be found two examples of enphysema of the intestinal wall, but in neither can the effects of postmortem decomposition be excluded in their causation. And the same uncertainty applies to the case of emphysema of the wall of the stomach occurring about the site of a simple ulcer, mentioned by Brouardel.1 The patient who was convalescent, was suddenly seized, after eating an apple "I Death and Sudden Death," 2nd ed., p. 252. tart, with vertigo; fell down, and died shortly after being put to bed Post-mortem: The "cicatrix " was found torn, and the " organ was distended with gases which had penetrated beneath the mucous membrane of the stomach, so that the walls seemed to be infltted." The sudden onset of symptoms shows that the unhealed ulcer perforated in the usual manner-viz., from the partial detachment of its margin, and not from the ante-mortem formation of gas.
The two earlier examples of intestinal emphysema come from Haller and Combalousier (Frank, loc. cit.) . A reference to the original accounts enables us to give the following 'details: Haller,' "Pathological A horizontal section of the small intestine of a cat, fully distended with carmine gelatine, showing the entry of the injection into the crypts. Beneath the crypts lies the connective tissue of the submucosa, and beneath this, the transverse and longitudinal muscular coats. In the gelatine occupying the lumen there is an upstanding villus. The examination of a series of sections stained with carbol thionine, failed to reveal any bacteria either in the walls of the cysts, or in the tissue around; ignoring the spurious elements resulting from the escape of granules from mast cells, readily differentiated by their variations in size, and immediate distribution about such cells. In the microscopic sections, again, there is a complete absence of the small-celled infiltration which is so conspicuous in the second case to be presently described.
To sum up; the balance of evidence is slightly in favour of a mechanical causation-an effusion of gas, i.e., from the lumen of the alimentary canal, through a rupture, or an ulcer, of the mucosa. Over-distension of the small intestine cannot have been the source of injury, seeing that the obstruction-viz., the pyloric stricture, lay above the site of the emphysema, and that there was no -second obstruction below: the absence of the latter being comfirmed by the fact that pursuant to the gastro-enterostomy, no symptoms of any kind whatsoever persisted. When exposed, moreover, at the operation, the small intestine was quite normal in respect of tension. The condition may be explained, perhaps, as due to the forcible displacement of air and gas from the dilated stomach, presumably through an ulcer which lay immediately beyond the pylorus; the gas passing first into the submucosa, and thence through the muscular wall into the subperitoneal tissue, its wide extent along the bowel being facilitated by the intestinal peristalsis. That the lavage of the stomach, for so long practised by the' patient, was a source of injury to the gastric mucosa is very unlikely; not overlooking the fact established by direct observation, that the mucosa of the human intestine and stomach, with their muscular and peritoneal coats, are not only devoid of common sensation, but insensible to cutting or to the thermocautery.1 The lavage was carried out with a soft rubber tube.
On this view there is one detail calling for notice-viz., the absence of blebs from the duodenum and first part of the jejunum, where the latter was opened in making the gastro-jejunostomy. The explanation of this may lie in the remarkable activity of the peristalsis peculiar to 'the duodenum: at such periods the gas in this part of the intestinal wall would be shifted onwards into that beyond. ' Lennander, "Observations on the Sensibility of the Abdominal Cavity,'" English translation, by A. E. Barker, 1908. referable to the right iliac region. She was quite well until twelve days-previously, when she was suddenly seized with acute colicky pain in the right iliac fossa. The pain subsided in a few hours, but recurred a week later, and gradually became more intense until she was operated upon, on May 27. There was no vomiting, and only slight -constipation. Upon examination, a tender, elongated swelling was found which stiffened and relaxed every few minutes, so as to suggest an intussusception. There were no signs of peritonitis; the temperature was normal; pulse, 72. At the operation, the walls of the cocum and ascending colon were found inflamed, thickened, and crepitant on pressure; beads of gas, moreover, were freely distributed in the surrounding connective tissue, and in some of the appendices epiploicae. The vermiform appendix, and termination of the ileum, were unaffected. There were several calcified tuberculous lymphatic glands in the ileal mesentery; no tubercles were seen on the peritoneum. After the excision of the csecum. with the ascending colon, and a third of the transverse, &c., the continuity of the bowel was restored by lateral ileo-transverse colostomy; the abdomen being finally closed, without drainage. Recovery was rapid and uneventful.
The parts removed comprise the caecum with its appendix, and most of the ascending colon, together with the termination of the ileum. On slitting up the cmcum its walls were found thickened throughout from submucous emphysema, the ileo-caecal valve being also involved; the mucosa of the latter was deeply congested, but without ulceration. There was a second patch of congestion, about the size of a sixpence, at the upper part of the cecum. The connective tissue and appertaining fat about the cacum and ascending colon, contained large numbers of gas blebs, ranging from a minute size to that of a pea. After the parts had been hardened in formol solution, the examination was completed. The termination of the small intestine was divided longitudinally, the incision being carried through the valve into the cocum; it is remarkably contracted, its mucosa being thrown into regular, closely set, circular folds like valvulae conniventes; the production of circular folds, indicating a close contraction in the longer axis of the bowel, as well as in the transverse. Its walls are quite free of gas; no ulceration is discoverable: its interior contained a small amount of green, bilestained mucus. On longitudinally bisecting the ascending colon, a 79, 80 Nitch and Shattock: Ernphysema of the Intestinal Wall remarkable condition presented itself. The mucous membrane is raised in prominent, somewhat hemispherical-elevations by a diffuse submucous emphysema, the tissue being like a sponge, or a section of lung. The elevations are so prominent, and interdigitate so compactly, as to block the lumen. The line of the muscularis is straight and intact, and the mucous membrane itself is readily traceable over the cavernous areas resulting from the pneumatosis. The caecum is similarly, though less FIG. 8.
Portion of the ascending colon excised with the cnecum, during life, from the second case of emphysema of the intestinal wall; as seen in longitudinal section. The mucous membrane is thrown into a series of prominent, interdigitating elevations, so as to obstruct the lumen, as a result of diffuse emphysema of the submucous coat. The emphysematous -tissue is so uniformly and finely inflated as almost to resemble lung. The ciecum was similarly affected, but to a less degree. The small intestine was uninvolved. No obstruction was present either on the proximal or distal side, of the affected area; nor was anay ulceration discoverable in the mucosa. The portion shown is the most distal part of that excised. (Natural size.)
Figurae explicatio.
Intestini parietum,emphysema; exemplum secundum. Coli ascendentis portio in longiLudinem secta. M4embrana mucosa in eminentias rotundas, quibus intestini lumen valde deminuitur, elevatur. Emin'entiae vesiculis parvis ubique constructae sunt (sicut pulmonis textura) aere generato in tunicaŝ ubmucos&. Caecum similiter, in gradu autem minore affectum fuit. Intestini tenuis terminatio valde contracta sed aliter normalis fuit.
Nihil obstructionis ultrautramque extremitatem partis affectae adfuit; nec ulcus alicubi in membrandi mucos inventum est. Appendix. vermiformis excusari poteste; lumen totum obliteratum est. (Magnitudinis naturalis.) affected, the elevation of the mucosa being uniform in degree, and so general that the lumen is but slightly diminished. The valve is involved in the same manner; but the condition ceases abruptly at the small intestine. The vermiform appendix, lastly, is firm, and below the normal in diameter: on longitudinal bisection, it proved to be solid throughout.
FIG. 9.
A microscopic section of the emphysematous colon from Case 2, showing the spaces in the submucosa. The septa are thickly infiltrated with polymorphs. In the earlier stages the formation of gas is accompanied with an exudation of serum, as may be recognized in the thickest of the trabeculee. The section is from the neighbourhood of the most distal portion. (6 obj.) Figurae explicatio. Sectio microscopica intestini emphysematosi praecedentis, lacunas sphaericas in membranh submucosi monstrans quarum parietes cellulis polymorphonucleatis sparguntur. Aeris origo cum seri exsudatione jungitur ut in trabeculA crassiori apparet. (1 obj.)
Nitch and Shattock: Emp7ysema of the Intestinal Wall
The microscopic examination of the wall of the ascending colon in the neighbourhood of the distal end of the emphysematous portion, shows that the mucosa with its glandular structures, as well as the muscularis, are unaffected. The vacuolation is limited to the submucous connective tissue. The smaller spaces are partly filled with homogeneous exudate containing polymorphs, large numbers of which infiltrate the septa between the lacuna. The spaces have no differentiated lining. Sections prepared from the emphysematous ileocaecal valve exhibit similar'appearances; in these there are conspicuous numbers of multinuclear giant cells in the tissue bounding the spaces.
In this case there was no obstruction, either distal or proximal to the affected area, which might have resulted in hyperdistension and trauma of the mucosa; nor was there any ulcer the base of which might have given way and allowed of the effusion of gas. The emphysema cannot but be ascribed to an infection of the wall of the cacum with a gas-producing bacillus, notwithstanding the failure to demonstrate the presence of such in histological sections, either in the exudate or'in the cells. The histological picture is that of a somewhat acute infective process which involves not only the submucosa, but in places, also, the muscularis. There are no vacuoles in the giant cells to suggest these are gas-secreting; and it may be observed that giantcells are not present in the proper gas-gland of the swim-bladder of fish.
It must be borne in mind that the ease with which gas is shifted onwards in the submucosa, and from the submucosa into the subperitoneal tissue, may lead to its presence far away from a site of bacterial infection, and so obscure the pathogenesis of the emphysema. Such an occurrence is well illustrated in gas gangrene, where the subcutaneous emphysema is due, in the first place, to the passage of gas from the infected muscles through the perforations,'in the deep fascia which transmit vessels to the skin. The bacillus may have been of the coliform group, as in certain of the cases of intestinal emphysema described in the human subject (e.g., that by Camargo, 1891: a man, aged 60, who died from pulmonary tuberculosis) and in swine: or it may have been a highly attenuated strain of Bacillus aerogenes.
Towards the close of the war in France there occurred an interesting case, under Captain Vaucher, which was communicated to us by Miss Muriel Robertson. A soldier received a trifling injury to the lower part of the leg; and without any change in the wound, or any general disturbance, the limb commenced to swell, and became susceptionemn. Partibus excisis tunica coli mucosa in eminentias rotundas quibus intestini lumen valde deminuitur, elevari reperta est. Eminentiae vesiculis parvis ubique constructae sunt, tanquam pulmo, aere generato in tunica submucosa. Caecum similiter, in gradu autem minore, affectum fuit; intestini tenuis terminatio valde contracta sed aliter normalis.
Nihil obstructionis ultra utramque extremitatem partis affectae adfuit; nec ulcus alicubi in membrana mucosa inventum est. Appendix vermiformis excusari potest; lumen totum obliteratum est. Aeris generatio hic ascribi debet parietibus intestini infectis, ut inflammationis acutae indicant nota. Dolore excluso aegra vix patiebatur; atque intestino ablato celeriter sanata est.
